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^DEC 0 4 2007 
[DOCUMENT NAME] SPECIFICATION 

[TITLE OF THE INVENTION] ADJUSTMENT OF MISALIGNMENTS 
OF RECORDING POSITIONS DURING BI-DIRECTIONAL PRINTING 
[SCOPE OF CLAIM FOR PATENT] 
5 [Claim l] A printing apparatus comprising a print head that has a 

plurality of nozzle groups each including a plurality of nozzles for ejecting an 
identical color, the printing apparatus having a bi-directional printing 
function of performing main scanning for moving the print head relative to a 
printing medium and sub scanning for moving the print head relative to the 
10 printing medium in a direction that transverses a direction of the main 
scanning, and ejecting ink from nozzles onto the printing medium on each of 
forward passes and backward passes of the main scanning of bi-directional 
movement to form dots on the printing medium, the printing apparatus 
comprising' 

15 a position adjustment value storage that stores a position adjustment 

value for reducing misalignments of dot forming positions between forward 
passes and backward passes of the main scanning; 

a position adjuster that adjusts dot forming positions along the main 
scanning direction during the bi-directional printing based on the position 
20 adjustment value stored in the position adjustment storage; and 

an ink cartridge mount that can mount one or more ink cartridges 
thereon, the one or more ink cartridges having ink tanks each containing ink 
to be supplied to each of the nozzle groups, 

wherein the printing apparatus can use a first ink set and a second 
25 ink set that have mutually different combinations of available inks through 
replacement of at least one of the ink tanks with another ink tank containing 
different type of ink, 

the printing apparatus can use a first bi-directional print mode that 
selectively uses inks included in the first ink set and a second bi-directional 
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print mode that selectively used inks included in the second ink set so that a 
combination of inks used in the first bi-directional print mode is different 
from a combination of inks used in the second bi-directional print mode, 
the position adjustment value storage can store a plurality of position 
5 adjustment values including a first position adjustment value for the first 
bi-directional print mode and a second position adjustment value for the 
second bi-directional print mode, and 

the position adjustment unit selects a position adjustment value for a 
bi-directional print mode used out of the plurality of position adjustment 
10 values to adjust dot forming positions. 

[Claim 2] A printing apparatus according to claim 1, wherein the first 
bi- directional print mode and the second bi-directional print mode are 
bi-directional color printing modes. 

[Claim 3] A printing apparatus according to claim 1 or 2, further 
15 comprising: 

a test pattern generator that generates a test pattern to be printed, 
wherein the test pattern can be used to test misahgnments of the dot forming 
positions; and 

a position adjustment value setter that allows a user to set the 
20 position adjustment value to be stored in the position adjustment value 
storage, 

wherein the test pattern generation unit can generate a test pattern 
suitable for the first bi-directional print mode and a test pattern suitable for 
the second bi-directional print mode. 
25 [Claim 4] A printing apparatus according to claim 3, wherein the ink 

cartridge comprises a memory that stores information including types of 
contained inks, 

the printing apparatus comprises a reader for reading out 
information stored in the memory, 
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the position adjustment setter displays a plurality of available 
bi-directional print modes based on information read out by the reader and 
allows a user to select a bi- directional print mode to be subject to setting of 
the position adjustment value out of the plurality of available bi-directional 
5 print modes, and 

the test pattern generator generates the test pattern suitable for the 
bi-directional selected via the position adjustment value setter. 

[Claim 5] A printing apparatus according to any of claims 1 through 4, 
wherein the position adjuster uses a preset standard value when the position 
10 adjustment value storage does not store the position adjustment value for 
the bi-directional print mode used. 

[Claim 6] A printing apparatus according to any of claims 1 through 4, 
wherein the position adjuster uses the position adjustment value for another 
bi-directional print mode when the position adjustment value storage does 
15 not store the position adjustment value for the bi-directional print mode 
used. 

[Claim 7] A printing apparatus according to any of claims 1 through 6, 
wherein the position adjuster outputs a warning when the position 
adjustment value storage does not store the position adjustment value for 

20 the bi-directional print mode used. 

[Claim 8] A bi-directional printing method using a printing apparatus, 
the printing apparatus being capable of mounting thereon a first ink set and 
a second ink set that have mutually different combinations of inks and being 
capable of using a first bi-directional print mode that selectively uses inks 

25 included in the first ink set and a second bi-directional print mode that 
selectively used inks included in the second ink set so that a combination of 
inks used in the first bi-directional print mode is different from a 
combination of inks used in the second bi-directional print mode, the 
printing method comprising the steps of: 
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(a) providing a plurality of position adjustment values including a 
first position adjustment value for the first bi-directional print mode and a 
second position adjustment value for the second bi directional print mode as 
position adjustment values for reducing misalignments of dot forming 

5 positions on forward passes and backward passes of main scanning; 

(b) selecting a position adjustment value for a bi-directional print 
mode used out of the plurality of position adjustment values; and 

(c) adjusting dot forming positions along the main scanning direction 
during the bi-directional printing based on the selected position adjustment 

10 value. 

[Claim 9] A computer program for implementing bi-directional 
printing using a printing apparatus, the printing apparatus being capable of 
mounting thereon a first ink set and a second ink set that have mutually 
different combinations of inks and being capable of using a first 

15 bi-directional print mode that selectively uses inks included in the first ink 
set and a second bi-directional print mode that selectively used inks included 
in the second ink set so that a combination of inks used in the first 
bi-directional print mode is different from a combination of inks used in the 
second bi-directional print mode, the computer program comprising the 

20 functions of"- 

(a) selecting a position adjustment value for a used bi-directional 
print mode out of a plurality of position adjustment values including a first 
position adjustment value for the first bi-directional print mode and a second 
position adjustment value for the second bi-directional print mode as 

25 position adjustment values for reducing misalignments of dot forming 
positions between forward passes and backward passes of main scanning; 
and 

(b) adjusting dot forming positions along the main scanning direction 
during the bi-directional printing based on the selected position adjustment 
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value. 

[Claim 10] A computer readable recording medium in which a 
computer program according to claim 9 is recorded. 
[DETAILED DESCRIPTION OF THE INVENTION] 
5 [0001] 

[Field of the Invention] 

The present invention relates to a technique for printing images by 
forming dots on a printing medium during main scanning, and more 
particularly to a technique for adjusting misalignments of recording 
10 positions in the main scanning direction to improve quality of printed 
images. 

[0002] 
[Prior Art] 

Recently, printing apparatuses that print images by ejecting ink 
15 droplets to form ink dots on a printing medium are widely used as output 
devices of images. Hereinafter, such printing apparatus will be referred to 
as ink jet printing apparatus. A print head of the ink jet printing apparatus 
is provided with a plurality of nozzle groups for respective color inks, and the 
ink jet printing apparatus prints images by ejecting ink from each nozzle 
20 onto the printing medium to form ink dots on the printing medium. These 
printing apparatuses often perform bi-directional printing in which ink dots 
are formed on not only forward passes but also backward passes of main 
scanning while the print head is reciprocating relative to the printing 
medium, to achieve higher printing speed. In the case of bi-directional 
25 printing, an adjustment process for reducing misalignments of dot forming 
positions is performed by setting a position adjustment value for adjusting 
misalignments of ink dot forming positions on forward passes and backward 
passes in order to improve picture quality (e.g. Patent Document l). 
[0003] 
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[Patent Document l] 

JAPANESE PATENT LAID-OPEN GAZETTE No. 11-286142 
[0004] 

[Problems to be solved by the Invention] 

5 Some recent printing apparatuses can change the type of ink ejected 

by each nozzle group to perform a variety of bi-directional printings having 
different characteristics of print performance such as quality-conscious 
bi-directional printing and speed-conscious bi-directional printing according 
to the situation of the printing. However, changing ink types may vary the 

10 ink type whose misalignments of dot forming positions tend to be 
conspicuous. Therefore, even if the forming positions of ink dots are 
adjusted based on the identical position adjustment value, dots formed by a 
nozzle group, whose misalignments were inconspicuous before the change of 
inks, may become conspicuous due to the change of inks, which prevents 

15 improved picture quality. 
[0005] 

The present invention was made in order to solve the above problems 
in the prior art, and thus an object of the present invention is to improve 
picture quality when performing bi-directional printing in which ink types 
20 ejected by the nozzle groups of the print head have been changed. 
[0006] 

[Means for Solving the Problems and its Function/Effect] 

In order to solve at least part of the above-mentioned problems, a 

printing apparatus according to the present invention includes a print head 
25 that has a plurality of nozzle groups each including a plurality of nozzles for 
ejecting an identical color, and the apparatus has a bi-directional printing 
function of performing main scanning for moving the print head relative to a 
printing medium and sub scanning for moving the print head relative to the 
printing medium in a direction that transverses the direction of the main 
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scanning while ejecting ink from the nozzles onto the printing medium on 
each of forward passes and backward passes of the main scanning of 
bi-directional movement to form dots on the printing medium. This 
printing apparatus includes a position adjustment value storage that stores 
5 a position adjustment value for reducing misalignments of dot forming 
positions between forward passes and backward passes of the main 
scanning) a position adjuster that adjusts dot forming positions along the 
main scanning direction during the bi-directional printing based on the 
position adjustment value stored in the position adjustment storage; and an 

10 ink cartridge mount that can mount one or more ink cartridges thereon, the 
one or more ink cartridges having ink tanks each containing ink to be 
supplied to each of the nozzle groups, wherein the printing apparatus can 
use a first ink set and a second ink set that have mutually different 
combinations of available inks through replacement of at least one of the ink 

15 tanks with another ink tank containing different ink. The printing 
apparatus can use a first bi-directional print mode that selectively uses inks 
included in the first set of inks and a second bi-directional print mode that 
selectively used inks included in the second set of inks so that the 
combination of inks used in the first bi-directional print mode is different 

20 fi:om the combination of inks used in the second bi-directional print mode. 
The position adjustment value storage can store a plurality of position 
adjustment values including a first position adjustment value for the first 
bi-directional print mode and a second position adjustment value for the 
second bi-directional print mode, and the position adjustment unit selects 

25 the position adjustment value for the bi-directional print mode used out of 
the plurality of position adjustment values to adjust dot forming positions. 
[0007] 

According to this printing apparatus, an appropriate position 
adjustment value is used in each of the first and second bi-directional print 
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modes that become available through changing ink types, thereby attaining 
bi-directional printing with improved picture quality even if ink types have 
been changed. 
[0008] 

5 In a preferred arrangement of the above-mentioned printing 

apparatuses, the first bi-directional print mode and the second bi-directional 
print mode are bi-directional color printing modes. 
[0009] 

This arrangement enables a plurality of bi-directional color printing 
10 modes having different characteristics of print performance to be performed. 
[0010] 

In a preferred arrangement of the above-mentioned printing 
apparatuses, the printing apparatus includes^ a test pattern generator that 
generates a test pattern to be printed, wherein the test pattern can be used 

15 to test misalignments of the dot forming positions; and a position adjustment 
value setter that allows a user to set the position adjustment value to be 
stored in the position adjustment value storage, and the test pattern 
generation unit can generate a test pattern suitable for the first 
bi-directional print mode and a test pattern suitable for the second 

20 bi-directional print mode. 
[0011] 

This arrangement enables respective test patterns to be printed for 
the first bi-directional print mode and the second bi-directional print mode 
which become available thorough changing ink t5rpes, and thereby ensuring 
25 a proper position adjustment value. 

[0012] 

In a preferred arrangement of the above-mentioned output devices, 
the ink cartridge includes a memory that stores information including types 
of contained inks, the printing apparatus includes a reader for reading out 



8 



2002-291559 



information stored in the memory, the position adjustment setter displays a 
plurahty of available bi- directional print modes based on information read 
out by the reader and allows a user to select a bi-directional print mode to be 
subject to setting of the position adjustment value out of the plurality of 
5 available bi-directional print modes, and the test pattern generator 
generates the test pattern suitable for the bi-directional selected via the 
position adjustment value setter. 
[0013] 

This arrangement enables a position adjustment value of 
10 bi-directional print mode to be set depending on the inks contained in the ink 
cartridge mounted. 
[0014] 

In a preferred arrangement of the above-mentioned output devices, 
the position adjuster uses a preset standard value when the position 
15 adjustment value storage does not store the position adjustment value for 
the bi-directional print mode used. 

[0015] 

This arrangement enables the standard value to be used for printing 
even if there is no position adjustment value for the used bi-directional print 
20 mode. 

[0016] 

In a preferred arrangement, the position adjuster uses the position 
adjustment value for another bi-directional print mode when the position 
adjustment value storage does not store the position adjustment value for 
25 the bi-directional print mode used. 

[0017] 

This arrangement enables the position adjustment value for another 
bi- directional print mode to be used for printing even if there is no position 
adjustment value for the used bi-directional print mode. 
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[0018] 

In a preferred arrangement of the output devices, the position 
adjuster outputs a warning when the position adjustment value storage does 
not store the position adjustment value for the bi-directional print mode 
5 used. 

[0019] 

This arrangement ensures the easy determination on whether or not 
the position adjustment value for the bi-directional print mode used is 
available. Here, 'outputting a warning' may include outputting a warning 
10 directly to a user as well as the printing apparatus prompting another device 
(e.g. a computer for controlling the printing apparatus) to output a warning. 
[0020] 

The present invention may take a variety of forms, for example, a 
printing method and printing device; a print control method and print 
15 controller; a computer program for realizing the functions of these methods 
and devices; a storage medium storing the computer program; a data signal 
embodied in a carrier wave containing the computer program; and so on. 
[0021] 

[Description of the Preferred Embodiments] 
20 Modes of the present invention are described through embodiments 

in the following sequence. 

A. Exemplary Printing System 

B. Structure of Apparatus 

C. Outline of Adjustment Process of Dot Forming Positions 

25 D. Embodiment of Adjustment Process of Dot Forming Positions 
E. Modifications 
[0022] 

A. Exemplary Printing System 

Fig. 1 is a schematic diagram that shows an overview of a printing 
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system as one embodiment of the present invention. This printing system 
PS includes a computer 90 as a print controller and a printer 20 as a printing 
unit. The computer 90 and the printer 20 are connected with each other via 
connectors (not shown), and can transmit data to and from each other. In 
5 the broad sense, such combination of the printer 20 and the computer 90 can 
be referred to as "printing apparatus." 
[0023] 

The printer 20 includes a position adjustment value storage 47, a 
position adjuster 48, and an output unit 27. The output unit 27 includes a 

10 print head 28, an ink cartridge mount 62, and a memory reader 82. The ink 
cartridge mount 62 has one or more ink cartridges 171 mounted thereon, 
which contain a plurality of different types of ink to be supplied to the print 
head 28. The output unit 27 performs printing by ejecting ink from nozzles 
of the print head 28 onto a printing medium P (not shown) during main 

15 scanning for moving the print head 28 relative to the printing medium P. It 
can also perform bi-directional printing in which ink is ejected on each of 
forward and backward passes of the bi-directional main scanning. During 
the bi-directional printing, misalignments of forming positions of ink dots 
recorded on forward passes and on backward passes are adjusted by the 

20 position adjuster 48. Details of the bi-directional printing will be described 
later. The ink cartridge 171 can be replaced with another ink cartridge 
containing another type of ink, thereby enabling to use another type of 
bi-directional print mode with another combination of used inks. The ink 
cartridge 171 includes a memory 181 for storing information on the type of 

25 ink contained therein, and the memory reader 82 reads out the ink 
information. The read ink information can be used to identify the types of 
inks mounted (Details will be described later.). 
[0024] 

The position adjuster 48, which has a function of adjusting ink dot 



11 



2002-291559 



forming positions during bi-directional printing, adjusts the forming 
positions according to a position adjustment value stored in the position 
adjustment value storage 47 (Details will be described later,). 
[0025] 

5 The position adjustment value storage 47 can store a plurality of 

position adjustment values that are respectively suitable for a plurality of 
bi-directional print modes including a first bi-directional print mode and a 
second bi-directional print mode. The first and second bi-directional print 
modes are made available by changing ink types, and have mutually 

10 different combinations of ink types used. During bi-directional printing, the 
position adjuster 48 selectively uses the position adjustment value for the 
used bi-directional print mode out of the position adjustment values stored in 
the position adjustment value storage 47 to adjust ink dot forming positions. 
For example, when the first bi-directional print mode is used, the position 

15 adjuster 48 uses a first position adjustment value for the first bi-directional 
print mode. When the ink cartridge 171 is replaced to use the second 
bi-directional print mode with another combination of ink t5T)es used, a 
second position adjustment value for the second bi-directional print mode is 
used. In this manner, even if the ink cartridge is replaced to use another 

20 print mode with another combination of ink types used, the position 
adjustment value for the used print mode can be used, thereby attaining 
high-quality bi-directional printing. 
[0026] 

The computer 90 includes a position adjustment value setter 102, a 
25 print mode selector 101, and a test pattern generator 103. The position 
adjustment value setter 102 performs a process of setting the position 
adjustment value for each of the available bi-directional print modes. The 
user instructs the position adjustment setter 102 to set the position 
adjustment value for each bi-directional print mode, which is stored in the 
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position adjustment value storage 47. Fig. 2 is a flowchart that shows a 
procedure for setting a position adjustment value. At step SIO, the user 
uses the position adjustment value setter 102 to select a bi-directional print 
mode being subject to setting of the position adjustment value. Next, at 
5 step S20, the test pattern generator 103 generates a test pattern TP for the 
bi-directional print mode selected at step SIO. The test pattern TP can be 
used to test misalignments of dot forming positions caused during the 
bi-directional printing. The generated test pattern TP is converted into 
print data, sent to the printer 20, and then printed by the output unit 27. 

10 Next, at step S30, the user uses the printed test pattern to determine a 
preferred position adjustment value that attains high-quality prints, and 
then sets the determined result via the position adjustment value setter 102. 
The determined result set by the position adjustment value setter 102 is 
stored in the position adjustment value storage 47 as the position 

15 adjustment value for the bi-directional print mode, which is to be used by the 
position adjuster 48 during the bi-directional printing, and then the process 
is completed. The test pattern TP may include a set of ruled lines, a 
plurality of color patches that reproduce an identical color, and the like, 
which are selectively used according to the bi-directional print mode. The 

20 user can select the highest-quality one out of the rules or patches included in 
the printed result of such test pattern to determine the preferred position 
adjustment value. The test pattern and the position adjustment value will 
be described later. 
[0027] 

25 The position adjustment value setter 102 (Fig. 1) can use information 

on inks that are required by each of the available bi-directional print modes, 
and information on available inks based on ink information signals from the 
memory reader 82 of the printer 20. The position adjustment value setter 
102 can compare these two information on inks and thereby select the 
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available bi-directional print modes to allow the user to select the 
bi-directional print mode being subject to setting of the position adjustment 
value out of the available bi-directional print modes. This ensures proper 
selection of the bi-directional print mode that can be performed with the 
5 mounted ink cartridges even if the ink cartridge has been replaced. The ink 
information signals will be described later. 
[0028] 

The test pattern generator 103 can generate a plurality of test 
patterns that are respectively suitable for the plurality of bi-directional print 
10 modes including the first and second bi-directional print modes. In this 
manner, the test pattern can be printed according to each of the 
bi-directional print modes, and therefore the position adjustment value can 
be set so as to be suitable for each of the bi-directional print modes. The 
test patterns and the settings of position adjustment values will be described 
15 in detail later. 

[0029] 

The print mode selector 101 performs a process of selecting the 
bi-directional print mode used for printing out of the plurality of available 
bi-directional print modes. The user can instruct the print mode selector 

20 101 to select the used bi-directional print mode. The position adjustment 
unit 48 uses the position adjustment value for the bi-directional print mode 
selected by the print mode selector 101 to adjust ink dot forming positions. 
Therefore, the high-quality printing can be performed that uses the 
bi-directional print mode selected by the user. 

25 [0030] 

The print mode selector 101 can also use the information on inks that 
are required by each of the available bi-directional print modes, and the 
information on available inks based on the ink information signals from the 
printer 20 in the same manner as the position adjustment value setter 102. 
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The print mode selector 101 can compare these two information on inks and 
thereby select the available bi-directional print modes to allow the user to 
select the used bi- directional print mode out of the available bi-directional 
print modes. This ensures proper selection of the bi-directional print mode 
5 that can be performed with the mounted ink cartridges even if the ink 
cartridge has been replaced. 
[0031] 

B. Structure of Apparatus 

Fig. 3 is a schematic diagram that shows a structure of the printing 

10 system including a printer driver 96 of the computer 90. The computer 90 
includes application program 95 running on a predetermined operating 
system. A video driver 91 and the printer driver 96 are incorporated in the 
operating system, and print data PD to be sent to the printer 20 are output 
from the application program 95 via these drivers. The application program 

15 95 performs a desired process on an image of interest, and displays the 
image on a CRT 21 via the video driver 91. 
[0032] 

When the application program 95 issues a printing instruction, the 
printer driver 96 of the computer 90 receives image data from the application 

20 program 95 and then converts the image data into the print data PD to be 
supplied to the printer 20. In the example shown in Fig. 3, the printer 
driver 96 includes a resolution conversion module 97, a color conversion 
module 98, a halftone module 99, a print data generation module 100, the 
print mode selection unit 101, a plurality of look-up tables LUT, the position 

25 adjustment value setter 102, and the test pattern generation unit 103. The 
plurality of look up tables LUT are provided according to the plurality of 
bi- directional print modes that can be selected by the print mode selector 
101. 

[0033] 
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The resolution conversion module 97 functions to convert a resolution 
(i.e. the number of pixels per unit length) of the color image data handled by 
the application program 95 into a resolution applicable to the printer driver 
96. The resolution-converted image data still remain image information 
5 consisting of three colors R, G, and B. The color conversion module 98 
selects and refers to a look-up table corresponding to the bi-directional print 
mode selected by the print mode selector 101 out of the plurahty of look-up 
tables LUT while converts RGB image data (first image data) into multi-tone 
data of multi ink colors (second image data), which can be used by the 
10 printer 20, for each pixel. 
[0034] 

The color-converted multi-tone data, for example, have tone values of 
256 tones. The halftone module 99 performs a halftone process in which ink 
dots are formed in a distributed fashion so as to express the tone values 

15 through the printer 20. The halftone-processed image data are rearranged 
by the print data generation module 100 into a data order in which they are 
transferred to the printer 20, and are then output as final print data PD. 
The print data PD includes raster data indicating the recording states of dots 
during each main scan, and data indicating sub scan feed amounts. 

20 [0035] 

The printer driver 96 corresponds to a program that implements a 
function of generating the print data PD. The program implementing the 
function of the printer driver 96 is stored in a computer readable recording 
medium. Such recording medium may include a variety of 

25 computer-readable media such as flexible disk, CD-ROM, magneto-optics 
disc, IC card, ROM cartridge, punched card, a print with barcodes or other 
codes printed thereon, internal storage device (memory such as RAM and 
ROM) and external storage device of the computer, and the like. 
[0036] 
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Fig. 4 is a schematic diagram that shows a general structure of the 
printer 20. The printer 20 includes the output unit 27 for printing, a control 
panel 32, and a control circuit 40 for controlling signal transmissions 
between the control panel 32 and the output unit 27. The output unit 27 
5 includes a sub scanning mechanism for feeding the printing medium P in the 
sub scanning direction by means of a paper feed motor 22, a main scanning 
mechanism for reciprocating a carriage 30 in the axial direction (main 
scanning direction) of a platen 26 by means of a carriage motor 24, and a 
head drive mechanism for driving a print head unit 60 (also referred to as 
10 "print head assembly") mounted on the carriage 30 to control ejection of ink 
and formation of dots. The control circuit 40 is connected with the computer 
90 via a connector 56. The printing medium P may include a variety of 
media, such as papers, film sheets, and vinyl sheets. 

[00371 

15 The sub scanning mechanism for feeding the printing medium P has 

a gear train (not shown) for transmitting rotations of the paper feed motor 22 
to the platen 26 as well as a paper feed roller (not shown). The main 
scanning mechanism for reciprocating the carriage 30 includes a sliding 
shaft 34 arranged in parallel with the axis of the platen 26 for slidably 

20 supporting the carriage 30, a pulley 38, an endless drive belt 36 spanned 
between the carriage motor 24 and the pulley 38, and a position sensor 39 for 
detecting the original position of the carriage 30. 
[0038] 

Fig. 5 is a block diagram that shows the structure of the printing 
25 system 20 including the control circuit 40. The control circuit 40 is 
configured as an arithmetic and logic circuit that includes a CPU 41, a 
programmable ROM (PROM) 43, a RAM 44, and a character generator (CG) 
45 with dot matrices of characters stored therein. The control circuit 40 
further includes a dedicated I/F circuit 50 for providing an interface with 
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external motors and the like, a head drive circuit 52 connected to the 
dedicated I/F circuit 50 for driving the print head unit 60 to eject ink, and a 
motor drive circuit 54 for driving the paper feed motor 22 and the carriage 
motor 24. The head drive circuit 52 includes a data reader 53. 
5 [0039] 

The dedicated I/F circuit 50 includes a parallel interface circuit and 
can receive the print data PD sent from the computer via the connector 56. 
The printer 20 prints according to the print data PD. The RAM 44 
functions as a buffer memory for temporarily storing the raster data. 

10 [0040] 

Fig. 6 is a perspective view of the print head unit 60. The print head 
unit 60 includes the ink cartridge mount unit 62 and the print head unit 28. 
There can be mounted on the ink cartridge mount 62 a yellow ink cartridge 
17 lY containing yellow ink Y, a magenta ink cartridge 171M containing 

15 magenta ink M, a cyan ink cartridge 17 IC containing cyan ink C, a black ink 
cartridge 17 IK containing black ink K, a light cyan ink cartridge 171LC 
containing light cyan ink LC that has substantially same hue as and lower 
density than the cyan ink C, a light magenta ink cartridge 171LM containing 
light magenta ink LM that has substantially same hue as and lower density 

20 than the magenta ink M, and a dark yellow ink cartridge 171DY containing 
dark yellow ink DY that has substantially same hue as and higher density 
than the yellow ink Y, as also shown in Fig. 5. 
[0041] 

These ink cartridges are respectively provided with memories 18 lY, 
25 181M, 181C, 181K, 181LC, 181LM, and 181DY for storing ink information 
(Fig. 5). These memories store the ink information for identifying the tjT)es 
of inks contained in the ink cartridges. These ink information are read out 
by the data reader 53 (Fig. 5) via seven memory readers 82a, 82b, 82c, 82d, 
82e, 82f, and 82g included in the ink cartridge mount 62, and then sent as 
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ink information signals to the computer 90 via the dedicated I/F circuit 50 
and the connector 56. The seven memory readers and the data reader 53 
function as a reader for the ink information. Furthermore, the ink cartridge 
mount 62 is provided with a label 64 for indicating mount positions of the ink 
5 cartridges. 

[0042] 

The ink cartridge mount 62 is provided with seven conduits 72a, 72b, 
72c, 72d, 72e, 72f, and 72g that are inserted into the respective ink 
cartridges to form flow paths for ink. These conduits are connected to the 
10 respective nozzle groups of the print head 28 provided on the bottom of the 
print head unit 60. 

[0043] 

Fig. 7 is a schematic diagram that shows an arrangement of nozzles 
on the bottom surface of the print head 28 according to this embodiment. 

15 The bottom surface of the print head 28 is provided with eight nozzle groups 
Nil through N18. A plurality of nozzles Nz constituting each of the nozzle 
groups are arranged along the sub scanning direction SS. In the example of 
Fig. 7, the plurality of nozzles Nz included in each of the nozzle groups are 
aligned along the sub scanning direction SS, but may be arranged in zigzag. 

20 [0044] 

Among the eight nozzle groups Nil through N18, the four nozzle 
groups Nil, N13, N15, and N17 (referred to as a first set of nozzle groups 
NSl) and another four nozzle groups N12, N14, N16, and N18 (referred to as 
a second set of nozzle groups NS2) are offset with each other in the sub 

25 scanning direction so that they does not overlap in the main scanning 
direction MS. Therefore, the first and second sets of nozzle groups can 
record mutually different raster lines (also referred to as main scanning 
lines) during a single main scan. 
[0045] 
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Each of the nozzle groups is supphed with ink from the ink cartridge 
mounted on the ink cartridge mount 62 to perform printing. Furthermore, 
replacing the ink cartridge according to need enables another type of ink to 
be used for printing. The types of ink supplied to each of the nozzle groups 
5 will be described later in detail. 
[0046] 

In the printer 20 having the hardware structure described above, the 
paper feed motor 22 feeds the printing medium P, and the carriage motor 24 
reciprocates the carriage 30 while the print head 28 is being driven for 
10 ejecting ink droplets of each color. The printer 20 accordingly forms ink 
dots and thus a multi-tone image on the printing medium P. 
[0047] 

C. Outline of Adjustment Process of Dot Forming Positions 

Fig. 8 is a schematic diagram that shows a positional misalignment 

15 during bi-directional printing. Fig. 8(a) shows an ink drop impingement 
position of a dot on a forward pass during printing while Fig. 8 (b) shows an 
ink drop impingement position of a dot on a backward pass during printing. 
A nozzle n moves horizontally and bi-directionally over the printing medium 
P and ejects ink on each of forward and backward passes to form dots on the 

20 printing medium P. It is assumed that the ink is ejected vertically 
downward at an ejection velocity Vk. The combined velocity vector CVk of 
each ink is obtained by combining the downward ejection velocity vector and 
the main scanning velocity vector Vs of the nozzle n. Therefore, the 
impingement positions of ink droplets onto the printing medium P are 

25 misaligned when the ink droplets are ejected while the printing medium P 
and the print head 28 (nozzle n) are at the same positional relationship on 
forward and backward passes of main scanning. Consequently, the ejection 
timing of ink droplets is adjusted on forward and backward passes of main 
scanning so that the impingement positions of ink droplets onto the printing 
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medium are aligned. 
[0048] 

In Fig. 8, the misalignments of dot forming positions are 
substantially symmetrical with respect to the position of the nozzle during 
5 the ejection of ink droplets on the forward and backward passes. There are, 
however, factors that prevent the misalignments on forward and backward 
passes from being symmetrical, such as the backlash of the drive mechanism 
for the main scanning direction and the warping of the platen that supports 
the printing medium from below. Also, in order to absorb the 
10 misalignments of dot forming positions caused by such factors, the ejection 
timing of ink droplets is preferably adjusted on forward and backward passes 
of main scanning. 

[0049] 

CI. First Embodiment of Test Pattern 

15 Fig. 9 is a schematic diagram that shows an exemplary test pattern 

for testing misalignments of dot forming positions. This test pattern TP 10 
includes a plurality of vertical ruled lines printed on each of forward passes 
and backward passes of main scanning. Vertical ruled lines TP 11 are 
recorded at regular intervals on forward passes while vertical ruled lines 

20 TP12 are recorded on backward passes so that positions of the vertical ruled 
lines TP 12 are sequentially shifted by a predetermined value. As a result, a 
plurality of vertical ruled line pairs Tl are printed on the printing medium P 
such that the relative positions between the vertical ruled lines TPll on 
forward passes and the vertical ruled lines TP12 on backward passes are 

25 sequentially shifted by the predetermined value (e.g. 1/1440 inch). The 
shift amount of each of the ruled line pairs corresponds to the position 
adjustment value. Numerals indicating position adjustment numbers are 
printed underneath the plurality of vertical ruled line pairs TPl. The 
position adjustment numbers are used to identify a preferred adjusted state. 
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The term "preferred adjusted state" means a state in which the positions of 
dots formed on forward and backward passes are substantially aligned in the 
main scanning direction by adjusting the recording positions (or recording 
timing) on forward passes or backward passes with an appropriate position 
5 adjustment value. In the example of Fig. 9, the vertical ruled line pair with 
the position adjustment number 4 indicates the preferred adjusted state. 
[0050] 

The user can set the position adjustment number indicating the 
preferred adjusted state and thus the position adjustment value for the 

10 bi-directional print mode by means of the position adjustment value setter 
102 (Figs. 1 and 3) of the computer 90. Details of the set position 
adjustment number will be described later. The test pattern of this 
embodiment is preferably used to set the position adjustment value when the 
bi-directional printing is performed with one type of ink. 

15 [0051] 

C2. Second Embodiment of Test Pattern 

Fig. 10 is a schematic diagram that shows another exemplary test 
pattern for testing misalignments of dot forming positions. This test 
pattern TP20 consists of a plurality of color patches TP21 through TP25 that 

20 are printed on both of forward and backward passes. The color patches are 
to reproduce an identical color. In the example of Fig. 10, each of the 
patches is illustrated as an aggregation of relatively large dots, but is 
actually made of dots with sizes that are not clearly visible. 
[0052] 

25 The dots of each ink constituting each patch are recorded at the same 

position in the main scanning direction MS for each patch on forward passes 
while they are recorded at the positions subsequently shifted by a 
predetermined value (e.g. 1/2880 inch) in the main scanning direction MS for 
each patch on backward passes. The dots of each ink constituting each 
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patch are shifted by a common shift value on backward passes. As a result, 
the plurality of color patches TP21 through TP25 are printed on the printing 
medium P such that the relative positions between the dots formed on 
forward passes and the dots formed on backward passes are sequentially 
5 shifted by the predetermined value. The shift amount of each of the color 
patches corresponds to the position adjustment value. Numerals indicating 
position adjustment numbers are printed on the left side of the color patches 
TP21 through TP25. The position adjustment numbers are used to identify 
a preferred adjusted state. The term "preferred adjusted state" represents 

10 a state in which the roughness of a color patch is minimized by adjusting the 
recording positions (or recording timing) on forward passes or backward 
passes with an appropriate position adjustment value. Therefore, the 
preferred adjusted state is achieved by the appropriate position adjustment 
value. 

15 [0053] 

The example in Fig. 10 shows five color patches TP21 through TP25, 
which are provided with position adjustment numbers from 1 to 5 and are 
centered around a color patch TP23 labeled with the numeral "3." Among 
these color patches, the color patch TP24 with the position adjustment 

20 number 4 indicates the preferred adjusted state of minimal roughness. In 
the same way as in the first embodiment of test pattern described above, the 
user can set the position adjustment number indicating the preferred 
adjusted state and thus the position adjustment value for the bi-directional 
print mode by means of the position adjustment value setter 102 (Figs. 1 and 

25 3) of the computer 90. Details will be described later. 
[0054] 

These color patches TP21 through TP25 are to reproduce mutually 
identical colors and are formed based on identical print data. The print 
data that form the basis for the color patches are obtained by a process in 
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which color image data for expressing aggregated pixels of uniform density 
are converted to data for expressing the recording states of dots formed with 
a plurality of inks. This print data are generated by the test pattern 
generator 103 of the computer 90. Each of the color patches TP21 through 
5 TP25 is printed according to a sub scanning feed pattern that is performed 
during actual printing. 
[0055] 

The color reproduced by the color patches may be selected based on 
the types of inks used and/or the type of image to be printed. For example, 

10 when three chromatic color inks of C, M, and Y are used for color printing, 
color patches that reproduce gray color consisting of these three chromatic 
color inks can be used to adjust the position adjustment value. This enables 
high-quality printing with reduced graininess (or roughness) throughout a 
color image to be performed when these three inks are used to print the color 

15 image. Alternatively, color patches reproducing a color in which graininess 
tends to be conspicuous, for example, skin color to which the user pays more 
attention may be used for the adjustment, thereby enabling high-quality 
printing with reduced graininess. The color reproduced by the color patches 
may be settable by the user. 

20 [0056] 

The ink having particularly larger effect on picture quality due to its 
misalignments of dot forming positions may be used as the ink used to print 
the test pattern. For example, when ink dots have smaller size, the 
misalignments of their dot forming positions tend to be conspicuous since a 

25 color of the printing medium between the ink dots can be seen. When a 
plurality of inks that have substantially same hue and different densities are 
available, dots of lower density ink tend to have smaller size. In such case, 
using the ink with lower density to print the test pattern and then setting 
the position adjustment value enable high-quality printing with reduced 
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graininess. For example, when the cyan ink C, the magenta ink M, the 
yellow ink Y, the Ught cyan ink LC, the light magenta ink LM, and the dark 
yellow ink DY are available, setting the position adjustment value based on 
the test pattern printed with the light cyan ink LC, the light magenta ink 
5 LM, and the yellow ink Y enables dot forming positions of these inks having 
larger effect on picture quality to be adjusted more properly. This enables 
high-quality printing with reduced graininess. 
[0057] 

C3. Adjustment of Misalignments of Dot Forming Positions Using Position 

10 Adjustment value 

Fig. 11 is a block diagram that shows an outline of adjustment of 
misalignments of dot forming positions during bi-directional printing. The 
PROM 43 included in the printer 20 is provided with a position adjustment 
number storage area 200 and a position adjustment value table 210. The 

15 position adjustment number storage area 200 and the position adjustment 
value table 210 function as the position adjustment value storage. A 
program that performs a process for adjusting dot forming positions is stored 
as the position adjuster in the RAM 44. Each of the nozzle groups Nzg 
included in the print head 28 is provided with an actuator chip 300 for 

20 causing the nozzles to eject ink, and operations of the actuator chips 300 are 
controlled by the head drive circuit 52. 
[0058] 

The position adjustment number representing the preferred position 
adjustment value, which have been set by the user via the position 
25 adjustment value setter 102 (Figs. 1 and 3) of the computer 90, are stored in 
the position adjustment number storage area 200. That is, "allowing the 
user to set the position adjustment value to be stored in the position 
adjustment value storage" includes allowing the user to set information (e.g. 
position adjustment number) for identifying the position adjustment value to 
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be stored in the position adjustment storage. Furthermore, the position 
adjustment value setter 102 can store a plurahty of position adjustment 
numbers for the plurahty of bi-directional print modes including the first and 
second bi-directional print modes. 
5 [0059] 

The position adjustment value table 210 stores relationships between 
amounts of misalignments of dot recording positions on backward passes (i.e. 
position adjustment values) and position adjustment numbers, and includes 
a plurality of tables that respectively correspond to the plurality of 
10 bi-directional print modes including the first and second bi-directional print 
modes. 

[0060] 

The position adjustment unit 48 reads out the position adjustment 
value associated with the position adjustment number and associated with 

15 the used bi-directional print mode from the position adjustment value table 
210, and then uses the position adjustment value to adjust dot recording 
positions on backward passes. More specifically, the position adjustment 
unit 48 receives information on the original position of the carriage 30 (Fig. 
4) from the position sensor 39 and calculates the position of the carriage 

20 based on the information. The position adjustment unit 48 then controls 
the head drive circuit 52 so that the actuator chips 300 eject ink at an 
appropriate carriage position (or timing) based on the position adjustment 
value. 

[0061] 

25 As described above, the adjustment of dot forming positions 

according to this embodiment is performed by selectively using the position 
adjustment value for the used bi-directional print mode out of the position 
adjustment values for a plurality of bi- directional print modes including the 
first and second bi-directional print modes that are made available by 
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changing ink types. This ensures high-quahty prints with reduced 
misaUgnments of dot forming positions even if the ink types are changed to 
perform another type of bi-directional printing with another combination of 
used inks. 
5 [0062] 

Instead of the arrangement in which one actuator chip 300 is 
provided for each nozzle group, one actuator chip 300 may be provided for a 
plurality of nozzle groups. This enables the structure of the print head to be 
simplified. Furthermore, instead of the arrangement in which the single 
10 head drive circuit 52 controls all of the actuator chips 300, a plurality of head 
drive circuits 52 may be provided so that they share the controls of the 
actuator chips 300. This enables a different position adjustment value to be 
used for each head drive circuit 52 to adjust dot forming positions. 
[0063] 

15 D. Embodiment of Adjustment Process of Dot Forming Positions 

Dl. First Embodiment of Adjustment Process of Dot Forming Positions 

Fig. 12 is a schematic diagram that shows label numbers (Fig. 6) of 
the ink cartridges containing ink used by each of the nozzle groups, two 
available ink sets IS 11 and IS 12, and ink types included in each of the ink 
20 sets in this embodiment. Two nozzle groups N14 and N15 are supplied with 
ink from an identical ink cartridge (label number 4). 
[0064] 

The first ink set IS 11 includes four available inks (K, C, M, and Y). 
Each ink is ejected from two nozzle groups. As shown in Fig. 7, the two 
25 nozzle groups for ejecting each ink have mutually different positions of 
nozzles in the sub scanning direction. In other words, each of a first set of 
nozzle groups NSl and a second set of nozzle groups NS2 that have mutually 
different positions of nozzles in the sub scanning direction can eject the four 
inks K, C, M, and Y. Therefore, during a single main scan, using 
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simultaneously the two nozzle groups for ejecting each of the inks enables 
mutually different raster lines to be recorded simultaneously. Thus, the use 
of the first ink set ISll attains high-speed printing that uses simultaneously 
the two sets of nozzle groups NSl and NS2 to achieve substantially higher 
5 print speed. 

[0065] 

In the second ink set IS 12, the three inks Y, M, and C of the label 
numbers 1 through 3 included in the first ink set ISll have been replaced 
with the three inks DY, LM, and LC having different density, respectively. 

10 In order to replace the ink types, the ink cartridges are replaced. For 
example, when the yellow ink Y is replaced with the dark yellow ink DY, the 
yellow ink cartridge 17 lY containing the yellow ink Y is replaced with the 
dark yellow ink cartridge 171DY containing the dark yellow ink DY. The 
second ink set IS 12 includes the seven available inks (DY, LM, LC, K, C, M, 

15 and Y). The inks are ejected from the nozzle groups Nil through N18, 
respectively; the black ink K is ejected from the two nozzle groups N14 and 
N15. 

[0066] 

The light magenta ink LM has substantially same hue as and higher 
20 lightness (or lower density) than the magenta ink M. The light cyan ink LC 
has substantially same hue as and higher lightness than the cyan ink C. 
These light color inks can be used for relatively light areas to increase the 
number of ink dots. This enables to reduce graininess (or roughness of the 
image), which becomes more conspicuous as ink dots are decreased. 
25 Therefore, the print quality can be improved in relatively light areas. 
[0067] 

The dark yellow ink DY has substantially same hue as and lower 
lightness (or higher density) than the yellow ink Y. The dark yellow ink DY 
can be used for relatively dark areas to decrease the amount of ink applied 
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thereto and reduce the number of ink dots. This enables to reduce breeding 
and banding (streak-like portion of low picture quality), which becomes more 
conspicuous as ink dots are increased. Therefore, print quality can be 
improved in relatively dark areas. 
5 [0068] 

In this manner, the use of the second ink set IS 12 attains 
high-quality printing, which uses a plurality of inks of different densities. 
[0069] 

Fig. 13 is a schematic diagram that shows relationships between the 
10 two ink sets ISll and IS12 and available bi-directional print modes. An 
upper row of each table shows combinations of nozzle groups and ink types 
while a lower row shows the available bi-directional print modes and 
combinations of inks (i.e. nozzle groups) used by the respective bi-directional 
print modes. Circled inks among the inks (i.e. nozzle groups) used by each 
15 of the bi-directional print modes are used to print the test pattern suitable 
for the bi-directional print mode. 
[0070] 

When the first ink set ISll is used, a monochrome bi-directional 
print mode using the black ink K and a four-color bi-directional print mode 
20 using the four inks (K, C, M, and Y) are available as shown in Fig. 13(a). 
The four-color print mode corresponds to the first bi-directional print mode. 
[0071] 

In the monochrome bi-directional print mode, high-speed 
monochrome bi- directional printing can be performed, which uses the two 
25 nozzle groups N14 and N15 for ejecting the black ink K. 
[0072] 

In the four-color bi-directional print mode, high-speed color 
bi-directional printing can be performed, which uses the pairs of nozzle 
groups for ejecting the respective inks among the four inks K, C, M, and Y 
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during a single main scan. 
[0073] 

When the second ink set IS 12 is used, the monochrome bi-directional 
print mode using the black ink K and a seven-color bi-directional print mode 
5 using the seven inks (K, C, M, Y, LC, LM, and DY) are available as shown in 
Fig. 13(b). The seven-color print mode corresponds to the second 
bi-directional print mode. 

[0074] 

The seven-color bi-directional print mode uses the light cyan ink LC, 

10 the light magenta ink LM, and the dark yellow ink DY as well as the four 
inks K, C, M, and Y used by the above-mentioned four-color bi-directional 
print mode, to thereby effect high-quality color bi-directional printing with 
improved graininess in relatively light areas and reduced breeding and 
banding in relatively dark areas. 

15 [0075] 

Fig. 14 is a schematic diagram that shows setting of the position 
adjustment value (i.e. position adjustment number) by means of the position 
adjustment vale setter 102 (Fig. 3) of the printer driver 96 in the flowchart of 
Fig. 2. Fig. 14 shows a case in which the seven ink cartridges (i.e. the first 

20 ink set ISll) for the four inks K, C, M, and Y are mounted. As shown in Fig. 
14, when the user opens a position adjustment number setting window of the 
printer driver 96, the position adjustment value setter 102 displays the 
window for setting the position adjustment number on the CRT 21. The 
displayed window has a print mode display area 700, a test pattern print 

25 start button 710, a position adjustment number setting area 720, and a 
setting exit button 730. 
[0076] 

The print mode display area 700 displays a list of bi-directional print 
modes that the mounted inks allow to be used. The position adjustment 
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value setter 102 retains information on the combination of nozzle groups and 
ink types or information on the combination of ink cartridges and ink types 
that are required by each of the plurality of bi-directional print modes. The 
position adjustment value setter 102 can compare this information with 
5 information obtained from the above-mentioned ink information signals to 
determine whether or not each of the bi-directional print modes is available. 
[0077] 

In the print mode display area 700, a selected bi-directional print 
mode is displayed in reversed colors, for example. In the example of Fig. 14, 
10 the four-color bi-directional print mode has been selected. The user can 
manipulate the print mode display area 700 to select a bi-directional print 
mode being subject to setting of the position adjustment number (step SIO 
shown in Fig. 2). 
[0078] 

15 Next, the user manipulates the test pattern print start button 710 to 

print the test pattern suitable for the bi-directional print mode selected via 
the print mode display area 700 (step S20 shown in Fig. 2). 
[0079] 

In the four-color bi-directional print mode, for example, the 
20 above-mentioned second embodiment of test pattern is used as the test 
pattern since color printing is performed with the plural types of inks. This 
test pattern is printed by means of the six nozzle groups Nil, N12, N13, N16, 
N17, and N18 (Fig. 13(a)) for ejecting the three types of inks C, M, and Y. 
Gray color and skin color are available as the color of the color patches 
25 included in the test pattern. 
[0080] 

The user can use a printed result of this test pattern to determine a 
position adjustment number of a preferred adjusted state. The user inputs 
the preferred position adjustment number into the position adjustment 
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number setting area 720 and then manipulates the setting exit button 730 to 
set the position adjustment number. The position adjustment number input 
into the position adjustment setting area 720 is stored as the position 
adjustment number for the four-color print mode in the position adjustment 
5 number storage area 200 (Fig, 11) of the position adjustment value storage 
47 (step S30 shown in Fig. 2). 
[0081] 

In the monochrome bi-directional print mode, for example, the 
above-mentioned first embodiment of test pattern is used as the test pattern 
10 since only the single ink type is used. This test pattern is printed by means 
of the two nozzle groups N14 and N15 (Figs. 13(a) and (b)) for ejecting the 
black ink K. 

[0082] 

In the seven-color bi-directional print mode, for example, the 
15 above-mentioned second embodiment of test pattern is used as the test 
pattern since color printing is performed with the plural types of inks. In 
addition, the inks (LC, LM, and Y) of lower densities among the chromatic 
color inks used for color printing are used to print the test pattern since this 
bi-directional print mode uses the plurality of inks that have substantially 
20 same hues and different densities. 
[0083] 

Fig. 15 is a schematic diagram that shows setting of the bi-directional 
print mode used for printing by means of the print mode selectorlOl (Fig. 3) 
of the printer driver 96. Fig. 15 shows a case in which the seven ink 
25 cartridges (i.e. the second ink set IS 12) for the seven inks (L, C, M, Y, LC, LM, 
and DY) are mounted. As shown in Fig. 15, when the user opens a print 
mode selection window of the printer driver 96, the print mode selector 101 
displays the window for selecting the print mode on the CRT 21. The 
displayed window has a print mode display area 800 and a setting exit 
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button 810. 

[0084] 

The print mode display area 800 displays a list of bi-directional print 
modes that the mounted inks allow to be used. The print mode selector 101 
5 can use the information on ink types to select and then display available 
bi-directional modes in the same manner as the position adjustment value 
setter 102. 

[0085] 

In the print mode display area 800, a selected bi-directional print 
10 mode is displayed in reversed colors, for example. In the example of Fig. 15, 
the seven-color bi-directional print mode has been selected. The user can 
manipulate the print mode display area 800 to select the bi-directional print 
mode used for printing. 

[0086] 

15 Next, the setting exit button 810 is manipulated to complete the 

setting of bi-directional print mode used for printing. In order to perform 
printing, the position adjuster 48 (Fig. 11) refers to the position adjustment 
number for the selected bi-directional print mode, reads out the position 
adjustment value associated with the position adjustment number from the 

20 position adjustment value table 210, and then adjusts forming positions of 
ink dots based on the position adjustment value. In this manner, the 
position adjustment value for the current bi-directional print mode is used to 
adjust forming positions of ink dots, thereby effecting high-quality printing 
according to the bi-directional print mode even if another type of 

25 bi-directional print mode with another combination of available ink types is 
used. 

[0087] 

However, when the position adjustment number for the used 
bi-directional print mode is not stored, that is, the position adjustment value 
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for the used bi-directional print mode is not stored, a preset standard value 
may be used to adjust forming positions of ink dots. This enables printing 
even if the position adjustment number has not been set. The standard 
value can be stored in the position adjustment value storage 47 in advance. 
5 Alternatively, a position adjustment value for another bi-directional print 
mode may be used. The position adjustment value of another bi-directional 
print mode has different combination of ink types used, but is set by means 
of an identical apparatus. Therefore, this enables to reduce misalignments 
of dot forming positions due to the manufacturing error of the apparatus. 
10 For example, when the position adjustment number for the seven-color 
bi-directional print mode is not stored, the position adjustment value for the 
four-color bi- directional print mode may be used for the adjustment. 
[0088] 

Fig. 16 is a schematic diagram that shows an exemplary warning to 
15 be output when the position adjustment number for the used bi-directional 
print mode is not stored. When the position adjustment number storage 
area 200 (Fig. 11) of the printer 20 does not store the position adjustment 
number to be used, the position adjustment unit 48 displays a warning 
window shown in Fig. 16 on the CRT 21. The displayed window has a 
20 warning message 900 indicating that the position adjustment number is not 
stored, a process selection menu 910, and an acknowledge button 920. 
[0089] 

The process selection menu 910 displays a list of processes that can 
be performed subsequently. The example of Fig. 16 includes the processes 
25 of 

1) setting the position adjustment number for the used bi-directional 
print mode; 

2) using the position adjustment value for another bi- directional 
print mode (which is the four-color print mode in example of Fig. 16) for the 
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printing; 

3) using the standard value for the printing; and 

4) cancehng the printing. 

The user can manipulate the process selection menu 910 to select a 
5 desired process. In the example of Fig. 16, the selected process is displayed 
in reversed colors. 
[0090] 

After the desired process is selected, the acknowledge button 920 is 
manipulated to perform the selected process. This arrangement enables the 
10 user to select a process according to the user's preference when the position 
adjustment number for the used bi-directional print mode is not stored. 

[0091] 

In the three examples of Figs. 14 through 16, all or part of the display 
may be shown on the control panel 32 of the printer 20 (Fig. 4). 

15 [0092] 

D2. Second Embodiment of Adjustment Process of Dot Forming Positions 

The printer of this embodiment has almost the same structure as the 
above-mentioned first embodiment, but the structure of the print head unit 
differs from that of the first embodiment. Fig. 17 is a perspective view of 

20 the print head unit 60A according to this embodiment. There are two 
differences with the example of Fig. 6. A first difference is that it can mount 
eight ink cartridges thereon. A second difference is that it can mount a light 
black ink cartridge 17 ILK containing light black ink LK of lower density 
than the black ink K. 

25 [0093] 

Fig. 18 is a schematic diagram that shows an arrangement of nozzles 
of the print head and types of ink used by each of the nozzle groups according 
to this embodiment. Fig. 18(a) is a schematic diagram that shows the 
arrangement of the nozzles on the bottom surface of the print head 28A 
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according to this embodiment. A difference with the example of Fig. 7 is 
that each of the eight nozzle groups is independently supplied with ink from 
one of the mutually different ink cartridges. 
[0094] 

5 Fig. 18(b) is a schematic diagram that shows label numbers 64A (Fig. 

17) of the ink cartridges containing ink used by each of the nozzle groups, 
two available ink sets IS21 and IS22, and types of inks included in each of 
the ink sets according to this embodiment. The type of ink ejected by each 
of the nozzle groups according to the first in set IS21 is identical to the type 
10 of ink ejected by each of the nozzle groups according to the first ink set IS 11. 
According to the second ink set IS22, unlike the second ink set IS 12 shown in 
Fig. 12, the fifth nozzle group N25 along the main scanning direction MS can 
eject the light black ink LK instead of the black ink K. 
[0095] 

15 The light black ink LK has lower density than the black ink K. This 

light black ink LK can be used for relatively light areas to increase the 
number of ink dots. This may reduce graininess (roughness of the image), 
which becomes more conspicuous as ink dots are decreased. Therefore, the 
print quality can be improved in relatively light areas. 

20 [0096] 

Fig. 19 is a schematic diagram that shows relationships between the 
two ink sets IS21 and IS22 and the available bi-directional print modes. 
The difference with the example of Fig. 13 is that a high-quality monochrome 
bi-directional print mode and an eight-color bi-directional print mode are 

25 available instead of the seven-color bi- directional print mode. In this 
example, the four-color bi-directional print mode corresponds to the first 
bi-directional print mode while the eight-color bi-directional print mode 
corresponds to the second bi-directional print mode. 
[0097] 
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In the high-quality monochrome print mode, the black ink K and the 
light black ink LK can be used to achieve high-quality monochrome 
bi-directional printing with reduced graininess in relatively light areas. 
This print mode is used to print a photo image and the like in monochrome. 
5 [0098] 

In the high-quality monochrome bi-directional print mode, for 
example, the above-mentioned second embodiment of test pattern is used as 
the test pattern since monochrome printing is performed with the plural 
types of inks. The light black ink LK of lower density is used to print the 
10 test pattern since this bi-directional print mode uses the plurality of inks 
that have different densities. The test pattern consists of gray color patches, 
which are made of ink dots formed by the nozzle group N25 for ejecting the 
light black ink LK. The user can select a state with minimal roughness 
among the plurality of color patches having different position adjustment 
15 values to select an appropriate position adjustment number. 

[0099] 

The eight-color bi-directional print mode uses the light cyan ink LC, 
the light magenta ink LM, the dark yellow ink DY, and the light black ink 
LK as well as the four inks K, C, M, and Y used by the four-color 
20 bi-directional print mode, to thereby effect high-quality color bi-directional 
printing with improved graininess in relatively light areas and reduced 
breeding and banding in relatively dark areas. 

[0100] 

In the eight-color bi-directional print mode, for example, the 
25 above-mentioned second embodiment of test pattern is used as the test 
pattern since color printing is performed with the plural types of inks. In 
addition, the inks (LC, LM, Y, and LK) of lower densities among the inks 
used for printing are used to print the test pattern since this bi-directional 
print mode uses the plurality of inks that have substantially same hues and 
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different densities. The position adjustment value (i.e. position adjustment 
number) is set based on a printed result of this test pattern, thereby 
ensuring sevencolor bi-directional printing with reduced roughness, 
graininess, bleeding and banding. Gray color and skin color are available as 
5 the color of the color patches included in the test pattern. 
[0101] 

The monochrome bi-directional print mode according to the first ink 
set IS21 and the monochrome bi-directional print mode according to the 
second ink set IS22 differ in numbers of used nozzle groups. Therefore, in 

10 setting the position adjustment numbers, independent test patterns are used 
to set independent position adjustment numbers. In this manner, when the 
used ink types are identical but the numbers and/or the arrangements of the 
used nozzle groups are different, mutually different position adjustment 
numbers are used to adjust dot forming positions, thereby attaining 

15 higher- quality printed result. 
[0102] 

In the embodiments described above, the position adjustment value 
for the used bi-directional print mode is selectively used to adjust ink dot 
forming positions. This attains high-quality prints with reduced 
20 misalignments of dot forming positions even if the ink types are replaced to 
perform another tjrpe of bi-directional printing with another combination of 
used inks. 

[0103] 

The present invention is not restricted to the above examples or 
25 embodiments, but there may be many other aspects without departing from 
the scope or spirit of the present invention. For example, the following 
modifications are applicable. 

[0104] 
E. Modifications 
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El. Modification 1 

Although the print head unit 60 is configured to mount an 
independent ink cartridge for each ink in the above-mentioned various 
embodiments, it may be configured to mount an ink cartridge having a 
5 plurality of ink tanks. For example, all of the ink tanks may be included in 
a single cartridge so that one of such ink cartridges is mounted according to 
the requirements to perform printing. This facilitates installation of an ink 
cartridge suitable for the desired bi-directional print mode. In general, the 
present invention may use any ink cartridge mount as long as a plurality of 
10 ink tanks respectively containing a plurality of inks can be installed on the 
ink cartridge mount. 
[0105] 

As also understood from the above description, the term "ink tank" 
here means a container for containing one type of ink. In addition, the term 
15 "ink cartridge" means a container that is made in an integrated fashion and 
has at least one ink tank. 

[0106] 
E2. Modification 2 

The ink information stored in the memory of the ink cartridge may 
20 include an expiration date of ink and/or information for specifying a 
remaining quantity of ink. This enables a replacement of ink to be advised 
when the expiration date of the required ink has passed or when the 
remaining quantity of the required ink is almost equal to 0. 

[0107] 
25 E3. Modification 3 

The memory reader in the ink cartridge mount 62 may be applicable 
to only ink cartridges to be subject to replacement. In the above-mentioned 
embodiment, when only the three ink cartridges mounted at the positions 
represented by the numbers 1, 2, and 3 of the label 64 (Fig. 6) are replaceable, 
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only the three memory readers 82a, 82b, and 82c may be constructed in the 
ink cartridge mount 62 to enable selection of an appropriate bi-directional 
print mode. The memory and the memory reader may communicate in a 
contact or non-contact manner to read out the information. 
5 [0108] 

E4. Modification 4- 

The number of nozzle groups included in the print head 28 is not 
limited to eight, but may be set appropriately according to ink types included 
in available ink sets. For example, another nozzle group for adding an 
10 available ink may be provided to make red ink available so that high-quality 
bi-directional printing can be performed, which more finely adjusts color 
tones in red areas. Furthermore, the types of available inks are not limited 
to seven colors or eight colors. In any case, when the ink types are replaced 
to use another type of bi-directional print mode with another combination of 
15 ink types used, the position adjustment value for the used bi-directional 
print mode is used to adjust dot forming positions. 

[0109] 
E5. Modification 5: 

The present invention is also applicable to drum type printers. Such 
20 printing apparatus includes, for example, a facsimile and a copy machine. 
In the drum printer, a drum rotating direction corresponds to the main 
scanning direction while a carriage moving direction corresponds to the sub 
scanning direction. The present invention is not limited to ink jet printers, 
but is generally applicable to any dot recording apparatus that uses a 
25 recording head having a plurality of nozzle groups to record dots on a surface 
of printing medium. 

[0110] 
E6. Modification 6' 

In the above-mentioned embodiments, a part of the structure realized 
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in the form of hardware may be replaced with software, and on the contrary, 
a part of the structure realized in the form of software may be replaced with 
hardware. For example, a part or all of the functions of the printer driver 
96 shown in Fig. 3 may be performed by the control circuit 40 of the printer 
5 20. In such case, a part or all of the functions of the computer 90 as a print 
controller for generating print data is realized by the control circuit 40 of the 
printer 20. 

[0111] 
E7. Modification 1- 

10 When a part or all of the functions of the present invention are 

implemented by software, the software (or computer program) may be stored 
in a computer-readable recording medium. In the present invention, the 
"computer-readable medium" is not limited to portable recording media such 
as flexible disk and CD-ROM, but may also include a variety of internal 

15 storage devices included in the computer such as RAM, ROM and external 
storage devices attached to the computer such as hard disk. 

[0112] 
E8. Modification 8 

Although the print head and the ink cartridge mount are made in an 

20 integrated fashion in the above-mentioned embodiments, the print head may 
be connected with the ink cartridge mount via ink supply channels so that 
the print head can move independently of the ink cartridge mount. This 
enables the ink cartridge mount to be located at any position independently 
of the print head. For example, a portion on which the ink cartridge is 

25 mounted may appear outside of the printing apparatus, thereby facilitating 
installation of the ink cartridge. The ink supply channels may be made 
from tubes of elastic body such as rubber and silicon and have sufficient 
length so that the print head is free to move within its moving range. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
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[Fig. 1] a schematic diagram that shows an overview of a printing 

system; 

[Fig. 2] a flowchart that shows a procedure for setting a position 
adjustment value; 

5 [Fig. 3] a schematic diagram that shows a structure of the printing 

system; 

[Fig. 4] a schematic diagram that shows a general structure of a 
printer 20; 

[Fig. 5] a block diagram that shows a structure of the printer 20; 
10 [Fig. 6] a perspective view of a print head unit; 

[Fig. 7] a schematic diagram that shows an arrangement of nozzles 
on an under surface of the print head; 

[Fig. 8] a diagram depicting a misalignment occurring during 
bidirectional printing; 
15 [Fig. 9] a schematic diagram that shows an exemplary test pattern; 

[Fig. 10] a schematic diagram that shows another exemplary test 
pattern; 

[Fig. 11] a block diagram that shows an outline of adjustment of 
misalignments of dot forming positions; 
20 [Fig. 12] a schematic diagram that shows relationships among sets of 

inks, ink types, and used nozzle groups; 

[Fig. 13] a schematic diagram that shows relationships between the 
sets of inks and bi-directional print modes; 

[Fig. 14] a schematic diagram that shows setting the position 
25 adjustment value (i.e. position adjustment number); 

[Fig. 15] a schematic diagram that shows setting a bi-directional 
print mode used for printing; 

[Fig. 16] a schematic diagram that shows an exemplary warning; 
[Fig. 17] a perspective view of a print head unit; 
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[Fig. 18] a schematic diagram that shows an arrangement of nozzles 
included in the print head and types of ink used by each of the nozzle groupsJ 
and 

[Fig. 19] a schematic diagram that shows relationships between sets 



5 


of inks and bi-directional print modes. 
[Description of the Symbols] 
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53 ... data reader 

54 ... motor drive circuit 
56 ... connector 

60 ... print head unit 
5 60A ... print head unit 

62 ... ink cartridge mount unit 
62A . . . ink cartridge mount unit 
64 ... label 
64A... label 
10 72, 72a-72g ... conduit 

82, 82a-82g ... memory reader 

90 ... computer 

91 ... video driver 

95 ... application program 
15 96 ... printer driver 

97 . . . resolution conversion module 

98 . . . color conversion module 

99 ... halftone module 

100 ... print data generation module 
20 101 ... print mode selection unit 

102 ... position adjustment value setter 

103 ... test pattern generation unit 
171 ... ink cartridge 
181K-181LM ... memory 

25 200 ... position adjustment number storage area 
210 ... position adjustment value table 
300 . . . actuator chip 
700 ... print mode display area 
710 ... test pattern print start button 



44 



2002-291559 





720 


. position adjustment number setting area 




730 .. 


. setting exit button 




800 .. 


. print mode display area 




810 .. 


. setting exit button 


5 


900 .. 


. warning message 




910 .. 


. process selection menu 




920 .. 


. acknowledge button 




MS ... 


. main scanning direction 




SS ... 


sub scanning direction 


10 


Nz ... 


nozzle 




P ... printing medium 




PD ... 


print data 




PS ... 


printing system 




Nzg .. 


.. nozzle group 


15 
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vertical ruled line pair 




TPl . 
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TP20 ... test pattern 
TP21-TP25 ... color patch 



45 



2002-291559 



[DOCUMENT NAME] ABSTRACT 
[ABSTRACT] 

[OBJECTIVE] To provide a technique for properly adjusting misalignments 
of dot recording positions when performing bi-directional printing in which 
ink types have been changed. 

[MEANS FOR PROBLEM SOLVING] Misahgnments of dot forming 
positions are adjusted by selectively using a position adjustment value for a 
used bi-directional print mode out of a plurality of position adjustment 
values that are respectively suitable for a plurality of bi-directional print 
modes including a first bi-directional print mode and a second bi-directional 
print mode that are made available by changing ink types. 
[SELECTED FIGURE] Fig. 1 
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